We present the results of a comparison between the optical morphologies of a complete sample of 46 southern 2Jy radio galaxies at intermediate redshifts (0.05 < z < 0.7) and those of two control samples of quiescent early-type galaxies: 55 ellipticals at redshifts z 0.01 from the Observations of Bright Ellipticals at Yale (OBEY) survey, and 107 early-type galaxies at redshifts 0.2 < z < 0.7 in the Extended Groth Strip (EGS). Based on these comparisons, we discuss the role of galaxy interactions in the triggering of powerful radio galaxies (PRGs). We find that a significant fraction of quiescent ellipticals at low and intermediate redshifts show evidence for disturbed morphologies at relatively high surface brightness levels, which are likely the result of past or on-going galaxy interactions. However, the morphological features detected in the galaxy hosts of the PRGs (e.g. tidal tails, shells, bridges, etc.) are up to 2 magnitudes brighter than those present in their quiescent counterparts. Indeed, if we consider the same surface brightness limits, the fraction of disturbed morphologies is considerably smaller in the quiescent population (53% at z < 0.2 and 48% at 0.2 z < 0.7) than in the PRGs (93% at z < 0.2 and 95% at 0.2 z < 0.7 considering strong-line radio galaxies only). This supports a scenario in which PRGs represent a fleeting active phase of a subset of the elliptical galaxies that have recently undergone mergers/interactions. However, we demonstrate that only a small proportion ( 20%) of disturbed early-type galaxies are capable of hosting powerful radio sources.
INTRODUCTION
Simulations of hierarchical galaxy evolution predict that the periods of black hole (BH) growth and nuclear activity are intimately tied to the growth of the host galaxy, and that the triggering of the main phase of this nuclear activity in gas-rich mergers will always be accompanied by a major galaxy-wide starburst (Kauffmann & Haehnelt 2000; Di Matteo et al. 2005; Springel et al. 2005; Hopkins et al. 2008a,b; Somerville et al. 2008) . However, the order of events and the timescales involved in both the triggering of the merger-induced starburst and the nuclear ac-⋆ E-mail:C.Ramos@sheffield.ac.uk tivity remain uncertain (see e.g. Canalizo & Stockton 2000; Wild et al. 2010; Tadhunter et al. 2011) .
Based on cosmological simulations, Hopkins et al. (2008b) suggested a bimodality in the BH triggering mechanisms: luminous quasar-like activity is associated with the formation of classical bulges and ellipticals via galaxy mergers, whereas the less luminous Seyfert-like activity is associated with the formation of pseudobulges and bulgeless galaxies via secular processes. Under the assumption that major, gas-rich mergers trigger quasar activity, Hopkins et al. (2008b) reproduce the observed quasar luminosity function from z=0 to z=6. They also compare with a secular model in which the nuclear activity is driven by bars or instabilities and show that, although these processes probably dominate at luminosities typical of Seyfert galaxies, they contribute very little to the z 1 quasar luminosity density.
From an observational point of view, a bimodality in formation mechanisms (and hence in AGN triggering) is supported by the fact that, whereas classical bulges and elliptical galaxies follow a close correlation between velocity dispersion and BH mass (Kormendy & Richstone 1995; Magorrian et al. 1998; Gebhardt et al. 2000; Ferrarese & Merritt 2000; Greene & Ho 2006) , bulgeless galaxies and those with pseudobulges show no clear evidence for such a correlation (Kormendy et al. 2011) .
Galaxy interactions are one of the most efficient mechanism to transport the cold gas required to trigger and feed AGN to the center of galaxies (Kauffmann & Haehnelt 2000; Cox et al. 2006 Cox et al. , 2008 Croton et al. 2006; Di Matteo et al. 2007 ) and many observational studies of powerful AGN (i.e. quasar-like) have revealed a high incidence of interaction signatures in their host galaxies (Heckman et al. 1986; Hutchings 1987; Smith & Heckman 1989; Canalizo & Stockton 2001; Canalizo et al. 2007; Bennert et al. 2008 , Ramos Almeida et al. 2011 ). However, all these studies lack comparisons with appropriate samples of quiescent (i.e. non-active) galaxies to confirm that the percentage of interacting systems in powerful AGN is larger than in the quiescent population. Indeed, based on high spatial resolution Hubble Space Telescope (HST) images of a sample of nearby radio galaxies and quasars, Dunlop et al. (2003) found evidences that their hosts are indistinguishable from quiescent ellipticals of similar mass. Moreover, for moderately luminous AGN (i.e. Seyfert galaxies, L bol ∼ 10 42 − 10 45 erg s −1 ) several studies find that the incidence of disturbed morphologies is not significantly enhanced over the general population (e.g. Malkan et al. 1998; Grogin et al. 2005; Georgakakis et al. 2009; Gabor et al. 2009; Cisternas et al. 2011) , although some others find the opposite result (e.g. Keel et al. 1996; Kuo et al. 2008; Koss et al. 2010; Ellison et al. 2011) .
In our previous work (Ramos Almeida et al. 2011 ; hereafter RA11) we studied the optical morphologies of a complete sample of 46 southern 2Jy radio galaxies at intermediate redshifts (0.05 < z < 0.7) and found that the overall majority of the sample (up to 85%) show peculiarities in their optical morphologies at relatively high levels of surface brightness. Our study indicates that galaxy interactions are likely to play a key role in the triggering of AGN/jet activity, especially in the case of strong-line radio galaxies (SLRGs) 1 , of which 94% appear disturbed. On the other hand, of the weak-line radio galaxies (WLRGs) 2 in the 2Jy sample, only 27% show clear evidence for tidal features. These results are consistent with the most accepted explanation for the differences between the properties of SLRGs and WLRGs, in which SLRGs are powered by cold gas accretion, while WLRGs are fuelled by accretion of hot gas from their X-ray coronae (Allen et al. 2006;  1 SLRGs comprise narrow-line radio galaxies (NLRGs), broadline radio galaxies (BLRGs) and quasars, i.e. they are radio galaxies with strong and high equivalent width emission lines. 2 WLRGs have optical spectra dominated by the stellar continua of the host galaxies and small emission line equivalent widths (EW [OIII] < 10Å; Tadhunter et al. 1998 ). Best et al. 2006; Hardcastle et al. 2007; Balmaverde et al. 2008; Buttiglione et al. 2010) .
The high percentage of disturbed morphologies in the 2Jy sample of radio galaxies contrasts with the results found for lower luminosity AGN in, for example, the recent extensive study by Cisternas et al. (2011; hereafter C11) . However, the RA11 and C11 studies can be reconciled by considering the differences in the depth of the observations and sample selection. First, the images employed in C11 were obtained with the Advanced Camera for Surveys (ACS) on the HST and are not as deep as our Gemini Multi-Object Spectrograph South (GMOS-S)/Gemini observations: the limiting surface brightness level of those HST images is 23.3 mag arcsec −2 in the ACS F814W filter, whereas in RA11 we detected features as faint as 26.3 mag arcsec −2 in the same band (using colour transformations for elliptical galaxies from Fukugita et al. 1995) . Thus, the imaging observations used in C11, with a surface brightness limit 3 magnitudes brighter than ours, are not sensitive enough to reveal faint diffuse tidal features in their AGN and control samples, even if present. Second, the AGN in C11 were selected at X-ray wavelengths and the galaxy hosts are mostly disks with luminosities more typical of luminous Seyfert galaxies (median L bol ∼ 10 44.8 erg s −1 ). In contrast, the AGN in RA11 were selected according to their radio emission and the majority have quasar-like luminosities that are typically an order of magnitude higher than those of the C11 sample (median value of L bol ∼ 10 45.7 erg s −1 for the SLRGs in the 2Jy sample 3 ) and they are almost exclusively hosted by elliptical galaxies. Thus, the differences between the findings of RA11 and C11 can be explained by the luminosity-dependent bimodality in the BH triggering mechanisms suggested by Hopkins et al. (2008b) and Kormendy et al. (2011) , as well as by the differences in depth between the observations employed.
If galaxy interactions are the main triggering mechanism for radio-loud AGN activity in our sample, then it is expected that the signs of morphological disturbance will be stronger and more common in the radio source host galaxies than in the general population of quiescent ellipticals. Studies of nearby red galaxies (e.g. van Dokkum 2005) have shown that the majority of quiescent luminous ellipticals were assembled through gas-poor mergers, which explains their old stellar populations and high central densities. However, triggering and feeding a powerful radio source (and occasionally star formation; see Tadhunter et al. 2011 ) is likely to require a larger amount of cold gas to be accreted into the central regions of the galaxy. The morphological signatures of gas-rich interactions (such as tidal tails, shells, bridges, etc.) are brighter than those produced in gas-poor interactions Bell et al. 2006; McIntosh et al. 2008) . Thus, the surface brightness of the various morphological features can be used as an indicator of the type of interaction. In addition, the features resulting from gas-rich interactions are expected to be visible over time-scales between 0.5 and 1.5 Gyr (Le Fèvre et al. 2000; Patton et al. 2002; Conselice et al. 2003; Kawata et al. 2006) , whereas those formed in gas-poor interactions are visible for only ∼150 Myr (Bell et al. 2006) . This is the second in a series of papers based on the analysis of the optical morphologies of PRGs. In the first paper ( RA11), we presented deep Gemini images for the 2Jy sample and compared the results found for the PRGs with various samples of quiescent ellipticals and/or red galaxies from the literature (Malin & Carter 1983; van Dokkum 2005; Tal et al. 2009 ). However, only the observations reported in the study of Malin & Carter (1983) , which is based on photographic plates, have similar surface brightness depth to our PRG sample (µV 25.5 mag arcsec −2 ). After comparing with the latter study we concluded that the percentage of morphological disturbance of the PRGs (up to 85%) greatly exceeds that found for quiescent elliptical galaxies when the same surface brightness depth is considered (∼10%). However, in order to make a more quantitative comparison, it is necessary to develop control samples of elliptical galaxies at similar redshifts and masses, probing the same scales and depths, and using CCD imaging data. In this paper we present the results from such a comparison. In Section 2 we describe the control sample selection and observations. In Section 3 we present the observational results. The comparison between the morphologies of PRGs and quiescent elliptical galaxies is discussed in Section 4, and the main conclusions from this work are summarized in Section 5. Throughout this paper we assume a cosmology with H0 = 70 km s −1 Mpc −1 , Ωm = 0.27, and ΩΛ =0.73.
SAMPLE SELECTION AND OBSERVATIONS
The objects studied in RA11 comprise all powerful radio galaxies (PRGs) and quasars from the Tadhunter et al. (1993) sample of 2Jy radio galaxies with S2.7GHz 2.0 Jy, steep radio spectra α 4.8 2.7 > 0.5 (Fν ∝ ν −α ), declinations δ < +10
• and redshifts 0.05 < z < 0.7 (see Table 1 in RA11). It is itself a subset of the Wall & Peacock (1985) complete sample of 2Jy radio sources. The z > 0.05 limit ensures that the radio galaxies are genuinely powerful sources, while the z < 0.7 limit ensures that sources are sufficiently nearby for detailed morphological studies.
In terms of the optical classification, the sample comprises 24% WLRGs and 76% SLRGs (Tadhunter et al. 1998) . Considering the radio morphologies, Fanaroff-Riley II (FRII) sources constitute the majority of the sample (72%), 13% are Fanaroff-Riley I (FRI), and the remaining 15% are compact, steep-spectrum (CSS) or Gigahertz-peaked spectrum (GPS) sources (see Table 1 in RA11).
Moderately luminous AGN (e.g. those studied in C11) have a relatively high surface density and can be easily selected in deep field surveys, together with appropiate control samples of quiescent galaxies. On the contrary, quasars and radio galaxies are much rarer and cannot be studied using narrow, deep field surveys. In consequence, it is more challenging to develop control samples for such objects.
Since radio galaxies are almost invariably associated with elliptical hosts (see e.g. Heckman et al. 1986 and Dunlop et al. 2003) , we searched in the literature for samples of elliptical galaxies with similar masses and redshifts as our 2Jy PRGs. In addition, similar angular resolutions and depths are required to probe the same spatial scales and surface brightness levels. Our sample of 46 PRGs was imaged with the Gemini Multi-Object Spectrograph South (GMOS-S) on the 8.1-m Gemini South telescope at Cerro Pachón under good seeing conditions (median seeing of 0.8 ′′ , ranging from 0.4 ′′ to 1.15 ′′ ). The GMOS-S detector (Hook et al. 2004 ) comprises three adjacent CCDs, giving a field-of-view (FOV) of 5.5×5.5 arcmin 2 , with a pixel size of 0.146 ′′ . The morphological features reported in RA11 have a median surface brightness of µV = 23.6 mag arcsec −2 and ∆µV ∼ [21, 26] mag arcsec −2 . See RA11 for a more detailed description of the GMOS-S observations. Thus, after considering all these factors, we finally selected control samples of elliptical galaxies in two redshift ranges which best match the 2Jy sample host galaxies: the Observations of Bright Ellipticals at Yale (OBEY) survey and the Extended Groth Strip (EGS) sample.
The OBEY survey
The OBEY survey (Tal et al. 2009 ) is a volume-limited and statistically complete sample of 55 luminous elliptical galaxies selected from the Nearby Galaxies Catalog (Tully 1988 ; see Table 1 ). It consists of all elliptical galaxies in the Tully (1988) catalog with declinations between -85 and +10, at distances from 16 to 40 Mpc, and MB <-20.4 mag, once corrected to the cosmology considered here. The sample comprises galaxies from a wide range of different environments: 36% are field galaxies, 33% are in groups, and 18% are in clusters, including members of the Virgo, Fornax, Centaurus, and Antlia clusters. These galaxy environments were determined from the literature by Tal et al. (2009) and no classification is reported in that study for the remaining 13%. This wide variety of environments in the OBEY survey matches those typical of FRII radio galaxies, which are found in field/groups as well as in moderately rich clusters (Prestage & Peacock 1988; Smith & Heckman 1990; Zirbel 1997) and constitute the majority of our PRG sample (72%).
Thus, we have a sample of 55 giant eliptical galaxies at redshifts z 0.01 and with absolute magnitudes MB= [-22.5,-20.4 ] mag. If we assume no evolution for massive elliptical galaxies since z=0.2 (Cimatti et al. 2006; Faber et al. 2007) , we can compare the OBEY sample with the PRGs in the 2Jy sample at z < 0.2. In Figure 1 we show a comparison between the absolute magnitudes of the 24 PRGs with z < 0.2 and the 55 quiescent ellipticals from Tal et al. (2009) . The MB values for the PRGs have been calculated from the Galactic extinction-, cosmological dimming-, and kcorrected r'-band magnitudes reported in RA11. Colours of elliptical galaxies from Fukugita et al. (1995) have been used to convert the magnitudes to the B-band, resulting in absolute magnitudes within the interval MB = [−22.1, −20.3] mag. From the comparison between the two MB distributions shown in Figure 1 , the significance level of the Kolmogorov-Smirnov (KS) statistic is 0.04 (i.e. there is only a 4% chance that the two distributions are drawn from the same parent population). The low value of the KS probability is due to the larger number of MB > −21 mag ellipticals in the OBEY sample compared to the PRGs. However, both distributions span the same range in absolute magnitude and we prefer to keep the complete sample of 55 quiescent elliptical galaxies rather than reducing the number of fainter Vaucouleurs et al. (1991) , and the dates of observation. Column 8 lists the tidal parameter reported in Tal objects. In addition, as we discuss in Section 3.1.3, we do not find any significant correlation between luminosity and the level of morphological disturbance. The 55 galaxies in the OBEY survey were imaged with Y4KCam, which is a 4Kx4K CCD camera optimzed for wide-field broad-band imaging mounted on the 1 m SMARTS telescope at the Cerro Tololo Inter-American Observatory ( for the faintest feature detected, as shown in Section 3.1.4).
The data were binned in order to improve the signalto-noise of the images, which have a final pixel size of 1.156
′′ and a typical value of the seeing of ∼1.7 ′′ . More details on the sample selection and observations can be found in Tal et al. (2009) and are summarized in Table 1 . The images are then deeper than the GMOS-S images of the PRGs in the 2Jy sample, for which the faintest detected feature has a µV = 26.2 mag arcsec −2 , and both the pixel size and the average seeing are larger than those of the 2Jy radio galaxies (0.146 ′′ /pixel and FWHM∼0.8 ′′ respectively for the GMOS-S images). However, considering that the galaxies in the OBEY sample are at a median distance of 36 Mpc (spatial scale of ∼170 pc arcsec −1 ) and the PRGs (those at z < 0.2) at 423 Mpc (spatial scale of ∼1700 pc arcsec −1 ) the effective resolution will be better in the case of the OBEY survey images. Thus, considering that the latter images are deeper and the resolution better, we will likely detect fainter and smaller features than for the PRGs. Even in the case of large-scale diffuse structures, the fact that the OBEY images are two magnitudes deeper than those of the 2Jy sample will allow us to detect them. Summarising, by using the same classification technique employed for the PRGs, we will be able to detect the same morphological signatures, if present, in the OBEY survey. Any possible bias will lead to a relative enhancement of the number of detected features in this sample relative to the PRG sample studied in RA11.
Since no observations of photometric standard stars were taken during the OBEY survey observations, we self-calibrated the images using aperture photometry measurements of the sample of elliptical galaxies from Prugniel & Heraudeau (1998) , as in Tal et al. (2009) .
The Extended Groth Strip sample
In order to develop a control sample for the PRGs in the 2Jy sample at redshifts 0.2 z < 0.7 we have used the Rainbow Cosmological Surveys database 4 , which is a compilation of photometric and spectroscopic data, jointly with value-added products such as photometric redshifts, stellar masses, star formation rates, and synthetic rest-frame magnitudes, for several deep cosmological fields (Pérez-González et al. 2008; Barro et al. 2009 Barro et al. , 2011 . Specifically, we have selected our control sample in the EGS (α = 14 h 17 m , δ = +52
• 30 ′ ), which enlarges the HST GrothWestphal strip (Groth et al. 1994) up to 2
• × 15 ′ and has the advantage of being a low extinction area. We chose the EGS because it is a survey that covers sufficient area, and consequently enough galaxies, to extract statistically meaningful results, and because of the vast amount of public data available, including photometric redshifts, absolute magnitudes, colours, and deep imaging in the optical (Davis et al. 2007) . Indeed, here we use broadband images in the Rc filter obtained with the Subaru Telescope, which are similar in pixel size and depth to the GMOS-S images of the PRGs employed in RA11.
Thus, we selected all the galaxies in the EGS with the same redshift and absolute magnitude ranges as the PRGs at z 0.2 in RA11 (0.2 z < 0.7 and −22.2 MB −20.6 mag respectively). The limiting values of this MB range were defined by considering NLRGs and WLRGs in RA11, since the quasars and BLRGs are likely to be contaminated by a large contribution from AGN emission. From this first selection we discard the sources in the EGS detected in X-rays (i.e. possible AGN) and foreground stars. The stars were automatically identified based on a combination of several criteria including their morphology (stellarity index) and their optical/NIR colours (see Pérez-González et al. 2008 and Barro et al. 2011 for details on the star-galaxy separation criteria). In order to identify elliptical galaxies, we imposed a colour selection criterion: initially we selected all the sources with rest-frame colours (Mu-Mg) > 1.5, typical of galaxies located in the red sequence in the colourmagnitude diagram (Blanton 2006) .
We choose this initial colour selection rather than morphologically selecting elliptical galaxies from the outset in order to avoid possible biases. The goal of this paper is to compare the morphologies of quiescent ellipticals with those of PRGs; by morphologically selecting elliptical galaxies (either by eye or automatically) we could be discarding highly disturbed sources, leading to a underestimation of interacting systems in the control sample. After applying the colour selection, we made a first visual classification of the sources into three groups: elliptical galaxies (E), possible disks (PD), and disks (D). According to Bundy et al. (2010) , the red sequence is populated not only by elliptical and S0 galaxies, but also by early-type spirals. We then discarded all the galaxies that appeared as clear disks and kept the elliptical galaxies and possible disks in the sample. The latter might include disturbed ellipticals that look more disk-like, or S0/early-type spirals. After considering all these criteria, we have a control sample of 107 red early-type (ET) galaxies in the EGS (see Table 2 ).
In Figures 2 and 3 we show the comparison in absolute magnitude and redshift between the PRGs and the EGS control sample. Note that in Figure 2 we do not include the 6 BLRGs and quasars with MB < −22.2 mag. The EGS redshifts are photometric with an average quality of ∆z/(1+z) = 0.03. The absolute magnitudes were estimated by convolving the best fitting galaxy templates, used to calculate the photometric redshifts, with the appropriate filter transmission (see Pérez-González et al. 2008; Barro et al. 2009 Barro et al. , 2011 for specific details). The significance level of the KS statistic from the comparison between the two MB distributions shown in Figure 2 is 0.18, indicating that there is no significant difference between the two samples in terms of the distribution of absolute magnitude. The same is valid for the comparison between the redshift distributions ( Figure  3) , for which the value of the KS probability is 0.15.
The EGS was imaged with the Subaru Prime Focus Camera (Suprime-Cam; Miyazaki et al. 2002) , which is a mosaic of ten 2048×4096 CCDs, located at the prime focus of Subaru Telescope. Details on the observations of the EGS can be found in (Zhao et al. 2009 ). It covers a 34×27 arcmin 2 FOV with a pixel scale of 0.202 ′′ . The Suprime-Cam data consist of four Rc-band images of 1200 s exposure time that cover the entire field to a 5σ limiting AB magnitude of ∼26.5 (Park et al. 2008) . In this work we have measured a surface brightness of µV = 26.3 mag arcsec −2 for the faintest feature detected, as shown in Section 3.1.4. The seeing measured for the 4 images ranges from 0.60 ′′ to 0.72 ′′ . Thus, the data are comparable in depth and resolution to the GMOS-S images employed in the study of the morphologies of the PRGs. In Figure 4 we present six examples of Suprime-Cam images of galaxies in the EGS, showing different levels of disturbance in their morphologies. Comparison between the spectroscopic redshifts of the PRGs in the 2Jy sample at and the photometric redshifts of the red galaxies in the EGS (bottom panel).
RESULTS

Optical Morphologies
The main aim of this work is to perform a morphological classification of the galaxies in the OBEY and EGS samples in the same manner as for the PRGs in the 2Jy sample studied in RA11 and then to compare the results. This comparison will allow us to determine whether or not galaxy interactions are more common in powerful AGN than in quiescent galaxies and, consequently, to establish how important these interactions are in the triggering of nuclear activity.
Morphological Features
The morphological classification of the galaxies was done blind, with no information about any previous work on the sources, by CRA visually inspecting the 55 OBEY survey and the 107 EGS images. In addition, PB and CT also examined the EGS galaxy morphologies and there was agreement among the classifiers for the majority of the galaxies. Any possible conflicts were resolved by re-examining the images. The classification of the various features detected in the two control samples is based on that first used by Heckman et al. (1986) and is exactly the same as employed in RA11. Note that the classification of the PRGs was done using the fully-reduced GMOS-S original images, before any image enhancement technique were applied to them. The following morphological features are considered.
• A tail (T) corresponds to a narrow curvilinear feature with roughly radial orientation.
• A f an (F) is similar to a tail, but shorter and broader.
• A bridge (B) is a feature that links the radio galaxy with a companion.
• A shell (S) is a curving filamentary structure with a roughly tangential orientation to the main body of the galaxy.
• Dust (D) includes both nuclear dusty features and large scale dust lanes.
• Amorphous haloes (A) are irregular galaxy hosts or inner features that cannot be clearly distinguished from the main body of the galaxy (e.g. knotty haloes).
• By irregular (I) we refer to any feature, generally elongated, that cannot be classified as any of the previous.
• Double nuclei (2N) are those composed of two bright peaks inside 10 kpc, following the definition employed by Smith & Heckman (1989) , based on statistical studies of cluster galaxies (Hoessel 1980) 5 and N-body simulations of interacting binary galaxies (Borne 1984 ).
All of these features, with the possible exception of the dust, are very likely the result of galaxy interactions. Simulations have shown how spiral-spiral (S-S), elliptical-spiral (E-S) and elliptical-elliptical (E-E) interactions can produce all of the features that form the basis of our classification (Quinn 1984; Hernquist & Spergel 1992; Cattaneo et al. 2005; Lotz et al. 2008; Feldmann et al. 2008) . For a more detailed description of how the different features described above are produced, according to simulations, see Section 5.1.1. in RA11. The classified features for both the OBEY survey and the EGS sample are listed in Tables 1 and 2 respectively. Features with uncertain identification (between brackets in Tables 1 and 2) have not been considered for the statistics. Examples of the EGS galaxy morphologies are shown in Figure 4 and all the sample images can be individually viewed online in the Rainbow Database 6 . For the images of the OBEY survey we refer the reader to Tal et al. (2009) .
The projected linear scales of the tidal features reported in Tables 1 and 2 range from less than 10 kpc in the case of galaxies with double nuclei, to ∼80-85 kpc in the case of long tidal tails such as that in NGC 1209 (OBEY survey) and bridges linking galaxies as in the case of irac128074 (EGS sample). For the PRGs in the 2Jy sample the longest feature that we measured was the spectacular bridge in PKS 0349-27, which links the radio galaxy with a distorted conpanion at ∼83 kpc ( RA11).
Quantitative versus visual analysis of tidal disturbance
In Section 3.1.1 we described how we performed the visual classification of the optical morphologies of the PRG, OBEY, and EGS samples. In the following, we compare the results of this visual classification of the galaxies in the OBEY survey with the quantitative analysis of the degree of tidal disturbance carried out by Tal et al. (2009) stars and background galaxies in the sky-subtracted and flat-fielded images, they divided the masked frames by the galaxy model. This process produces an image of the residuals that they translated into a number, the tidal parameter, defined as: T=|(Ix,y/Mx,y) − 1|, where Ix,y and Mx,y are the pixel values at (x,y) of the galaxy and model images, respectively. They finally applied a correction for the residual noise to the latter values, to derive the corrected tidal parameter (Tc; see Tal et al. 2009 for a more detailed description of the methodology).
Based on the values of Tc determined for the galaxies in the OBEY survey, Tal et al. (2009) divided them into three groups: 1) galaxies showing clear signs of morphological disturbance (Tc > 0.09; 53% of the sample), 2) galaxies with marginal disturbance (0.07<Tc < 0.09; 20%), and 3) galaxies lacking interaction signatures (Tc < 0.07; 27%). In Figure 5 we represent these tidal parameters versus the B- Table 2 . Full classification of the EGS sample ordered by IRAC ID (Rainbow database identifier). Columns 2, 3, and 4 list R.A., declination and photometric redshift. Columns 5 and 6 correspond to the B-band absolute magnitudes and (Mu-Mg) rest-frame colors from the Rainbow database. Column 7 indicates whether a galaxy has been visually classified as an elliptical or as a possible disk. Columns 8 and 9 list the morphological classification and group as in Table 1 . Features with uncertain identification (within brackets) have not been considered in the statistics discussed in this work. band absolute magnitudes (see also Table 1 ). First, we note that there is no clear correlation between the luminosities of the galaxies and the level of disturbance of their hosts. Second, we have identified with filled circles the galaxies in the OBEY survey for which we have found signs of interaction based on our visual classification. From Figure 5 it is clear that quantitative and visual classifications do not agree completely. There is complete agreement only for the nine galaxies with Tc > 0.13. In fact, for five galaxies that Tal et al. 2009 classified as clearly disturbed (Tc > 0.09) we do not find any sign of a past interaction. After inspecting the images of these five galaxies we conclude that it is likely that the high value of Tc is due to residuals from the masking of the foreground stars and background galaxies and/or from isophotal twisting. The opposite is also true: we find disturbed morphologies in 7 galaxies with Tc < 0.07, which are either faint relative to their host galaxies or diffuse features that the automatic method misses. Overall, however, the total percentages of disturbance agree well between the automatic (73%) and the visual classification (67%). This vindicates the use of visual rather than quantitative detection of disturbed morphologies in this paper.
Classification
Considering the morphological features detected in the OBEY and EGS galaxies (only those with secure identifications in Tables 1 and 2 ), the sample can be divided into the following five groups:
(1) Galaxy pair or group in tidal interaction. Galaxy pairs showing bridges, or co-aligned distorted structures.
(2) Galaxies showing tidal features. Galaxies showing shells, fans, tails, amorphous haloes, and irregular features.
(3) Multiple nuclei. Galaxies with a companion lying inside a 10 kpc radius, according to the theoretical definition employed by Hoessel (1980) and Smith & Heckman (1989) .
(4) Dust features. Galaxies presenting dust features as the only sign of disturbance.
(5) Isolated galaxies with no sign of interaction. Objects in which we cannot confidently identify morphological peculiarities.
Note that these categories are not exclusive because some galaxies show more than one of the morphological features described above (see Table 1 ). Initially we considered objects in groups 1, 2, 3, and 4 as showing disturbed morphologies consistent with them having been involved in a galaxy interaction/merger, whilst galaxies classified in the fifth group were classified as undisturbed. Based on this classification, in RA11 we found that 85% of the PRG sample are very likely interacting objects or the result of a past merger event. However, dust features by themselves may not necessarily be a sign of galaxy interactions. Note that, while small-scale dust is often taken as an observational signature for recent mergers (e.g., van Dokkum & Franx 1995) , it may also be associated with cooling flows in central cluster galaxies (e.g., Fabian et al. 1994; Hansen et al. 1995; Edge et al. 1999 Edge et al. , 2010 ). If we do not consider dust as a sign of morphological disturbance related to mergers and interactions, then the percentage of PRGs in the 2Jy sample presenting evidence for interactions is 78%. In Table 3 we show the percentages of interacting galaxies (those classified in groups 1, 2, or 3) for i) the PRGs sample at z < 0.2 and the OBEY survey, and ii) the PRGs sample at 0.2 z < 0.7 and the EGS sample.
Thus, if we only consider the galaxies classified in groups 1, 2, and 3, we find that 62% of the PRGs at z < 0.2 show signs of interactions. However, it is worth considering the percentage of disturbance after excluding the WLRGs (shown between parentheses in Table 3 ). As explained in the Introduction, it has been proposed that WLRGs are powered by hot gas accretion from their X-ray coronae, rather than by the classical AGN cold gas accretion (see also Section 5.2.2. in RA11). Thus, if we consider SLRGs only, the percentage of PRGs showing signs of interactions increases to 93%, which is higher than the 67% that we measure for the elliptical galaxies in the OBEY survey. On the other hand, 95% of the PRGs at 0.2 z < 0.7 (either including or excluding the only WLRG in this redshift range) show signs of interaction, compared with 55% in the EGS sample (57% if we consider only ellipticals and not the possible disks; column 7 in Table 2 ). Thus, there appears to be more evidence for galaxy interactions in the PRG sample than in the control samples at all redshifts, although the relatively small size of the PRG sample means that the difference is only significant at the ∼2σ level (for the comparison between the 0.2 z < 0.7 PRG and EGS samples). However, it is necessary to consider the surface brightnesses of the features in order to make a proper comparison with the control sample morphologies, since we know that, for example, the OBEY images reach much lower effective surface brightnesses than our GMOS-S images of the PRGs. This comparison provides firmer evidence for differences between the PRG and quiescent elliptical galaxy samples and it is discussed in Section 3.1.4.
In terms of the merger scenario, we appear to be observing some of the galaxies in the PRG and the two control samples before the final coalescence of the nuclei of the in-teracting system. The galaxies classified in groups 1 (galaxy pair or group in tidal interaction) and 3 (multiple nuclei) would correspond to systems observed before the coalescence of the merging nuclei, whereas those in group 2 (galaxies presenting any sign of disturbance) would correspond to more evolved systems (coalescence or post-coalescence). The percentage of galaxies in the PRG, OBEY, and EGS samples belonging to each of these groups is shown in Table 3 .
In RA11 we showed that, if PRGs are triggered as a consequence of an interaction between galaxies, it is possible for this to happen any stage of the interaction (before, during, or after the two galaxy nuclei coalesce; see also Tadhunter et al. 2011 on basis of young stellar population properties). In fact, we found that more than one-third of the PRGs in the full 2Jy sample are observed in a precoalescence phase (galaxies classified in either group 1 or 3). Interestingly, for both the low and intermediate redshift sub-samples, we find that the proportion of PRGs that are in the pre-coalescence phase is a factor 2-3 higher than that of the quiescent elliptical galaxies in a similar phase (see Table  3 ). There is also evidence for an increase in the proportion of pre-coalescence systems with redshift for both the PRG and quiescent samples (see Table 3 ). However, observations of larger samples will be required to put those trends on a more solid statistical footing.
The lack of dust features in the control sample as compared to the PRG sample is also interesting. For the OBEY survey we find that only 7% of the elliptical galaxies show dust, whereas for the PRGs at z < 0.2 the percentage increases to 25% (21% for the SLRGs). This agrees with the ∼30% of dust features found from optical HST images of radio galaxies at z < 0.5 (de Koff et al. 1996 (de Koff et al. , 2000 . Dust can either be produced by mass loss from evolving red giant stars (Knapp et al. 1989; Athey et al. 2002) , or accreted during galaxy interactions (Goudfrooij et al. 1994; van Dokkum & Franx 1995) . If the dust is accreted in mergers/interactions, then we expect to find a higher incidence of dust features in the PRGs than in the quiescent ellipticals, mirroring the difference found for signs of disturbance in general between the two populations (see Table 7 ). On the other hand, at higher redshifts neither the galaxies in the EGS nor in the SLRG sample at 0.2 z < 0.7 show dust features. This apparent lack of dust at higher redshifts in both the radio and the quiescent galaxies is likely to be due to a resolution effect, since dust lanes, with typical scales of ∼1-5 kpc, will be poorly resolved in the ground-based data employed here and in RA11 for galaxies at such redshifts.
We have classified the galaxies in the OBEY and EGS samples in the same manner as the PRGs and compared them. However, as we mentioned in Section 2.1, from the comparison between the MB histograms of the PRGs at z < 0.2 and the OBEY sample shown in Figure 1 , there is only a 4% chance that the two distributions are drawn from the same parent population according to the KS test. In order to confirm that this difference does not produce any bias in the statistics of morphologically disturbed systems, we have split the OBEY sample into two absolute magnitude bins using the median value of MB = −20.98 mag. We find 59% of disturbance (filled circles in Figure 5 ) in the subsample with MB < −20.98 mag (27 galaxies) and 75% if we consider MB −20.98 mag (28 galaxies). Thus, we find a slightly larger percentage of disturbed morphologies for the lower luminosity ellipticals. The galaxies in the OBEY survey are less luminous than the PRGs on average (see Figure  1) , and thus, any bias caused by this effect would result in an enhancement of the number of disturbed morphologies in the OBEY sample relative to the PRGs at z < 0.2. However, by looking at Figure 5 is clear that there is no correlation between MB and the level of disturbance of the galaxies in the OBEY sample. Although for the galaxies in the EGS sample the MB distribution is more similar to that of the PRGs at 0.2 z < 0.7 (0.18 of significance according to the KS test; see Section 2.2), we have performed the same test as for the ellipticals in the OBEY survey. By splitting the EGS sample into galaxies brighter and fainter than MB = −21.25 mag (i.e. the median value), we find 60% and 50% of disturbance respectively (53 and 54 galaxies included in each bin respectively). Thus, we do not find any significant correlation between the levels of morphological disturbance and the luminosity of the elliptical galaxies in either the EGS or OBEY samples.
Surface brightnesses
The main result of RA11 is that 85% (78% if we do not consider galaxies with dust features only) of the 2Jy sample of PRGs show peculiar optical morphologies at relatively high levels of surface brightness: 1)μV = 24.0 mag arcsec In Tables 4 and 5 we report apparent surface brightnesses (µV in the case of the OBEY survey and µR C for the EGS sample) for all the secure detections of tails, f ans, shells, bridges, amorphous haloes and irregularf eatures detected in the control sample images. These surface brightnesses have been obtained exactly in the same manner as those reported in RA11. We first calculated the averaged number of counts of each feature using small apertures, and then repeated the process, using the same aperture, in several regions of the galaxy on either side of the feature to subtract the sky and the diffuse host galaxy background. In order to test the robustness of this technique, CRA and PB measured the surface brightnesses of the same features for some of the galaxies independently, obtaining differences below 0.1 mag.
For the OBEY survey, in Table 4 we report the µ corr V values, obtained after correcting µV from Galactic extinction Schlegel et al. (1998) . For the galaxies in the EGS sample, which are at redshifts 0.2 z < 0.7, the surface brightnesses were K-corrected, using the values reported in Frei & Gunn (1994) and Fukugita et al. (1995) for elliptical galaxies, in addition to the (1+z) 4 cosmological dimming and extinction corrections 7 . The final µ corr Rc values for the EGS sample are shown in Table 5 . We finally transform the µ corr R C values into V-band measurements to compare with the OBEY sample and the PRGs by assuming colours of elliptical galaxies from Frei & Gunn (1994) and Fukugita et al. (1995) . Table 3 . Classification of all the galaxies in the PRG, OBEY and EGS samples. Sources belonging to groups 1 and 3 are considered as pre-coalescence systems, those in group 2 are likely coalescence or post-coalescence scenarios, and finally, galaxies classified in groups 4 and 5 do not show signs of interaction. * Those galaxies classified as (2,3) or (1,2) in Tables 1, 2 , and Table 1 in RA11 are considered as pre-coalescence systems here, although they belong to group 2 as well. Percentages between parentheses correspond to SLRGs in the PRG sample (columns 3 and 5) and to elliptical galaxies only in the EGS sample (column 6).
We have chosen K-corrections and colour transformations for elliptical galaxies, but some of the features may be produced in mergers involving small disk galaxies and/or there can be local star formation taking place in tidal features associated with the interaction. In such cases the galaxy colours would be more similar to those of spiral galaxies. In order to assess the importance of this effect, in RA11 we re-calculated the µ corr V values of the features by using K-corrections and colours of Sbc-type spiral galaxies and confirmed that they did not change significantly (∼ 0.1 mag arcsec −2 ). The comparison between µ corr V values measured for the features detected in our PRGs and those for the OBEY survey is shown in Figure 6 (a) and Table 6 . In Figure 6 (b) we show the same comparison, but considering only the brightest disturbed feature of each galaxy. According to the KS test, the PRG and OBEY distributions shown in Figures 6(a) and 6(b) are different at the 99.9% significance level (> 3σ).
The median depth and range of the detected features in the OBEY galaxies areμ corr V = 25.8 mag arcsec −2 and ∆µV = [23.4, 28.2] mag arcsec −2 , respectively. Thus, the features detected in PRGs at z < 0.2 are ∼2 mag brighter than in their quiescent counterparts. In fact, if we only consider the features in the OBEY survey which have surface brightnesses within the range of the PRGs at z < 0.2 (i.e. µ corr V
mag arcsec
−2 , which is exactly the same if we consider SLRGs only; see Table 6 ), the percentage of objects with morphological disturbance goes down to 53%. Thus, when the same range of surface brightness is considered, the proportion of interacting systems found in the PRG sample is considerably larger (93% if we consider SLRGs only) than that found for quiescent ellipticals.
In Figure 7 and Table 6 we show the same comparisons, but this time for the galaxies in the EGS sample and the 0.2 z < 0.7 PRGs. Note that for the galaxies with "multiple nuclei" as the only detected feature there are no measurements of surface brightnesses and thus, they are not included in Figures 6 and 7 . However, those galaxies have been considered in the statistics presented in Table 7 . The differences between the two distributions in Figure 7 (a) are significant at the 2σ level: 98% significance according to the KS test and 95% if we consider the brightest features only (Figure 7(b) ). We measuredμ corr V = 24.2 mag arcsec −2 and ∆µV = [22.3, 26.3] mag arcsec −2 for the EGS sample. We emphasise that the results obtained by including or excluding objects with possible disk components (PD) are exactly the same. Thus, for the sake of simplicity, in the following we will consider the whole sample of 107 galaxies (including ellipticals and possible disks; see Table 1 ).
The surface brightnesses measured for the features of the PRGs at 0.2 z < 0.7 are ∼1 mag brighter than those of quiescent red galaxies of similar masses and redshifts. If we only consider the galaxies in the EGS with features within the same µ corr V range as the PRGs at 0.2 z < 0.7 (µ corr V
−2 ), the percentage of objects with disturbed morphologies is 48%. Again, this percentage is considerably lower than the number of interacting systems found for the PRG sample at 0.2 z < 0.7 (95%; see Table  7 ). In these statistics we have included the systems classified as "multiple nuclei", even if it is not possible to calculate a value of µ corr V for this type of morphology.
DISCUSSION
Comparison between active and quiescent elliptical galaxies
As explained in Section 1, if galaxy interactions are the main triggering mechanism for radio-loud AGN activity, then we expect to find stronger and more common signs of morphological disturbance in the radio source host galaxies than in the general population of quiescent elliptical galaxies. The majority of quiescent luminous ellipticals were likely assembled through gas-poor mergers (van Dokkum 2005), whereas to trigger and feed a powerful radio source it is likely to require a larger gas supply. According to simulations, the morphological signatures of gas-rich interactions (such as tidal tails, shells, bridges, etc.) are brighter than those produced in gas-poor interactions Bell et al. 2006; McIntosh et al. 2008) .
We have compared the morphologies of the 2Jy sample of radio galaxies with first, a sample of ellipticals at redshift z < 0.2, and second, with a sample of early-type galaxies at 0.2 z < 0.7. We find that a significant fraction of quiescent elliptical galaxies in the two control samples show evidence for disturbed morphologies at relatively high levels of surface brightness, which are likely the result of past or on-going galaxy interactions. However, the morphological features detected in the galaxy hosts of the PRGs (e.g. tidal tails, shells, bridges, etc.) are up to 2 magnitudes brighter than those present in their quiescent counterparts.
In fact, when we consider the same surface brightness limits for the features in the quiescent galaxies and in the PRGs (note that these limits are different in each redshift bin; see Table 7 ), we find that the proportion of disturbed 26.5, 26.1, 25.5, 24.9, 23.9 26.4, 26.0, 25.4, 24.8, 23.8 NGC 3706 2S 23.9, 25.3 23.6, 25.0 NGC 3904 S 25.2 25.0 NGC 3923 4S 25.8, 25.3, 24.8, 24.4 25.6, 25.1, 24.6, 24 1, 25.7, 27.1, 24.7, 26.1, 24.5 24.8, 25.4, 26.8, 24.4, 25.8, 24 S 26.7, 25.3, 25.8, 25.9 26.6, 25.2, 25.7, 25.8 NGC 5638 T, S 28.1, 28.3 28.0, 28.2 NGC 5812 T 27.8 27.5 NGC 5813 . . . . . . . . . NGC 5846 3S, 2N 26.7, 26.6, 27.0 26.5, 26.4, 26.8 NGC 5898 3T, D, 2N 27.3, 26.5, 27.6 26.9, 26.1, 27 4S 26.8, 26.6, 26.1, 26.5 26.7, 26.5, 26.0, 26.4 NGC 7507 S 28 .1 28.0 Table 4 . Surface brightness measurements of the detected features in the V-band (Vega system). Column 2 lists our morphological classification (same as in Table 1 ). Apparent surface brightnesses and those corrected of galactic extinction (A V ) for secure identifications of T, F, S, B, A and I are given in Columns 3 and 4, respectively. Brackets in Column 2 indicate uncertain identification. morphologies in the quiescent population is considerably smaller (53% at z < 0.2 and 48% at 0.2 z < 0.7) than for the PRGs (93% at z < 0.2 and 95% at 0.2 z < 0.7, considering SLRGs only). This indicates that galaxy interactions are likely to play a role in the triggering of PRG activity.
However, it is important to recognise that a proportion of the quiescent elliptical galaxy population do show disturbed features at a similar level of surface brightness to the PRGs. Moreover, even if the proportion of such objects is relatively small, their volume density could be considerably larger than that of the (rare) PRGs. This raises the question of how the populations of disturbed elliptical galaxies and PRGs are related. The simplest assumption we can make is that all morphologically disturbed ellliptical galaxies go through a radio-loud AGN phase at some stage in the galaxy interaction that causes the disturbed features. In this case, Table 5 . Surface brightness measurements of the detected features in the Rc-band (AB system). Column 2 corresponds to the surface brightness dimming from NED, column 3 indicates whether a galaxy has been visually classified as an elliptical (E) or as a possible disk (PD), and column 4 lists our morphological classification as in Table 1 . Apparent and corrected (including galactic extinction, dimming, and k-corrections) surface brightness for secure identifications of T, F, S, B, A and I are given in Columns 5 and 6, respectively. Brackets in column 4 indicate uncertain identification. the total volume density of PRGs (ρP RG) is related to the total volume density of disturbed elliptical galaxies (ρDE) by the following equation:
where tP RG is the duty cycle of the powerful radioloud AGN activity and tT the timescale over which the tidal features associated with a particular galaxy interaction remain visible above the surface brightness limit of the observations. Typically, PRGs are expected to remain active over a period of tP RG ∼ 10 − 100 Myr (Leahy et al. 1989; Blundell et al. 1999; Shabala et al. 2008) Kawata et al. 2006 ). Therefore we should expect the PRG to make up a fraction ρP RG/ρDE ∼ 0.01 -0.1 of the full population of disturbed elliptical galaxies assuming that all such galaxies go through a radio-loud phase.
A direct estimate of the volume density of PRGs can be obtained by integrating the radio luminosity function of Willott et al. (2001) above the lower radio power limit of the 0.05 < z < 0.7 2Jy sample (P lim 151 M Hz ≈ 1.3 × 10 25 W Hz −1 sr −1 ). We find ρP RG = 2 × 10 −7 Mpc −3 for z=0 and ρP RG = 1×10 −6 Mpc −3 for z=0.5 (corrected to our assumed cosmology). Similarly, an estimate of the volume density of disturbed elliptical galaxies can be made by integrating the optical luminosity function for red sequence galaxies above the lower B-band luminosity limit of the PRG and control samples (MB=-20.3 mag), then multiplying by the fraction of ellipticals with disturbed features of similar surface brightness to the PRG (fD ∼ 0.5). For low redshifts we integrate the luminosity function for red sequence galaxies from Baldry et al. (2004) , obtaining ρDE = 2×10 −4 Mpc −3 , while for higher redshifts we integrate the z = 0.5 luminosity function of Faber et al. (2007) 25.1 mag arcsec −2 ). In these numbers we include galaxies classified as multiple nuclei systems (group 3). Percentages between parentheses correspond to SLRGs in the PRG sample (columns 3 and 5) and to elliptical galaxies only in the EGS sample (column 6).
for z < 0.2 and ρP RG/ρDE ∼ 2 × 10 −3 for z = 0.5. These proportions are considerably lower -by a factor of five or more -than those obtained above, based on the PRG duty cycle and the assumption that all disturbed elliptical galaxies go through a radio-loud phase (ρP RG/ρDE ∼ 0.01 -0.1). We conclude that only a small proportion ( 20%) of interacting giant elliptical galaxies with absolute magnitudes MB < −20.3 mag are capable of hosting powerful radio sources with radio powers P Clearly, while undergoing a galaxy interaction of some type may be necessary to trigger powerful radio jets in a giant elliptical galaxy, it is not by itself sufficient. Other potentially important factors include: the degree of gas richness of the interacting galaxies, their mass ratio, the orbital parameters of the interaction, the masses of the galaxy bulges and associated supermassive BHs, and the BHs spin. For example, our classification of morphological disturbance in elliptical galaxies is relatively crude and does not precisely distinguish the type of galaxy interaction (e.g. whether "wet" or "dry", minor or major). Therefore it is possible that only a minority of the disturbed elliptical galaxies in our control samples are undergoing the precise type of interaction that leads to the triggering of powerful radio-loud AGN activity.
Finally, we note that there is an important caveat to bear in mind when making the comparison between the PRG and control samples. We have matched the comparison samples in galaxy luminosity, redshift, and depth of observations (see Section 3.1.4 on the latter), but we have not considered the environments of the galaxies. The environment may affect the comparison in two ways. First, if a specific type of galaxy interaction is required to trigger a PRG (e.g. a major, gas-rich merger), then that type of interaction may be favoured by a particular environment (e.g. group rather than cluster; see Hopkins et al. 2008b) . Second, the tidal effects associated with high density environments can rapidly disrupt the morphological structures (e.g. shells or ripples; Malin & Carter 1983 ) that we use to classify the galaxies in our samples. Indeed, Tal et al. (2009) and Malin & Carter (1983) explored the relationship between galaxy morphology and environment in their samples of nearby elliptical galaxies and found that the ellipticals in clusters generally appear less disturbed than those in group and field environments.
Despite the lack of quantification of the galaxy environments in this paper, previous studies of radio galaxies in the local Universe have shown that, while FRI sources (generally WLRGs) favour clusters, FRII galaxies (generally SLRGs) are found in a wide range of environments, ranging from field/group to moderately rich clusters (Prestage & Peacock 1988; Smith & Heckman 1990; Zirbel 1997) , although there is some evidence that the environments of FRII objects become richer with redshift (e.g. Hill & Lilly 1991) . As noted in Section 2.1, the low redshift OBEY control sample covers a mix of environments that is similar to that of the FRIIs in the local Universe, but less rich on average than that of local FRI galaxies. However, our conclusions based on the comparison with the control samples would only likely be affected by environmental issues if the control samples were more biased towards rich environments than our PRG sample. At present we have no evidence that this is the case, but the whole issue of matching control sample environments and the dependence of the degree of morphological disturbance on environment clearly warrants further investigation. 4.2 Evolution of elliptical galaxies from z∼0.7
By comparing the galaxies in the OBEY and EGS samples, we can study how the morphologies of elliptical galaxies evolve from redshift z=0.7 and compare with the predictions of galaxy evolution models. Elliptical galaxies are key to investigate the history of galaxy mass assembly, since they dominate the high-end of the local luminosity function. While many studies support a scenario in which old (1-4 Gyr) and massive (M * > 10 11 M ⊙ ) ellipticals passively evolve from redshift z∼1 (e.g. Bundy et al. 2006 and references therein), others argue for a major role of dry-mergers in the build-up of the most massive early-type galaxy population from z∼1 (e.g. Bell In Table 8 we show the percentage of disturbance found Malin & Carter (1983) for a sample of 137 quiescent elliptical galaxies (QE) at z < 0.01. * For the PRGs at 0.2 z < 0.7 the dimmest feature detected has a µ V =25.1 mag arcsec −2 . In these percentages we include galaxies with double nuclei as the only detected feature (group 3).
for the OBEY survey (elliptical galaxies in the local universe) and the EGS sample (early-type galaxies with 0.2 < z < 0.7) only considering features brighter than µV =25.5 mag arcsec −2 . This value was chosen to match the limiting surface brightness of the features found by Malin & Carter (1983) for a sample of 137 elliptical galaxies at z < 0.01. The latter authors used visual inspection of photographic plates to search for shells and ripples, finding that only 10% of the ellipticals showed these features. This percentage is considerably lower than the 34% that we find for the OBEY survey when the same depth is considered, likely due to the limitations associated to the use of photographic images. In addition, in Malin & Carter (1983) the authors were looking for sharp, shell-like features with the galaxy at the centre of curvature, rather than more asymmetric features such as fans, tails, bridges, etc (D. Carter, private communication).
The range of absolute magnitude that we are considering by putting together the galaxies in both the OBEY and EGS samples is MB= [-22.5,-20.4 ] mag (see Section 2). The percentage of disturbed morphologies in the local universe is 34% and increases to 53% at z= [0.2, 0.7] when the same depth is considered (µV 25.5 mag arcsec −2 ). Thus, we find that a significant fraction of quiescent elliptical galaxies at low and intermediate redshifts show signatures of past interactions at relatively high levels of surface brightness, and that this fraction increases slightly with redshift. This is consistent with the idea that elliptical galaxies have undergone some evolution since z=0.7. However, the interactions that lead to this evolution cannot, in most cases, have noticeably modified their star formation histories and masses (López-Sanjuan et al. 2011) . This would explain why in the past the most massive elliptical galaxies were thought to passively evolve from z=1 to z=0.
CONCLUSIONS
We present the results from a comparison between the optical morphologies of a complete sample of 46 southern 2Jy radio galaxies at intermediate redshifts (0.05 < z < 0.7) and those of quiescent early-type galaxies within the same mass and redshift ranges. Based on these results, we discuss the role of galaxy interactions in the triggering of PRGs. Our major results are as follows:
• We find that a significant fraction of quiescent earlytype galaxies across the full redshift range of our study show evidence for disturbed morphologies at relatively high levels of surface brightness, which are likely the result of past or on-going galaxy interactions.
• The morphological features detected in the galaxy hosts of the 2Jy sample of PRGs (e.g. tidal tails, shells, bridges, etc.) are up to 2 magnitudes brighter than those present in their quiescent counterparts.
• The fraction of disturbed morphologies in the quiescent population is considerably smaller (53% at z < 0.2 and 48% at 0.2 z < 0.7) than for PRGs (93% at z < 0.2 and 95% at 0.2 z < 0.7, considering SLRGs only) when the same surface brightness limits are considered.
• These results support a scenario in which PRGs, which are likely triggered by interactions, represent a fleeting active phase of a subset of elliptical galaxies that have recently undergone mergers/interactions.
